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LEVEL  FLOTATION  STANDARDS  ANALYSIS 
RESEARCH  AND  DEVELOPMENT  REPORT 
PHASE  II  - SPECIAL  PROBLEMS 

1.0  INTRODUCTORY  SUMMARY 

Figure  1-1  presents  on  overview  of  the  objectives  of  the  level  flotation  project.  References 

1 and  2 document  previous  work  that  has  been  performed  in  the  level  flotation  area.  In 
brief,  Reference  I contains  a literature  search  of  various  flotation  standards , practices  and 
recommendations  of  various  counfries.  It  critically  compares  three  flotation  standards;  the 
present  federal  standard,  an  industry  recommended  standard  and  a proposed  standard  formulated 
from  a study  of  the  other  standards.  It  also  documents  initial  proof  testing  which  indicates 
that  more  testing  was  needed  to  establish  requirements  for  a level  flotation  standard.  Reference 

2 continued  research  and  analysis  to  obto.in  information/data  needed  to  qualify  a need  for 
level  flotation  and  define  requirements  for  a level  flotation  standard.  The  work  presented  in 
this  report  deals  with  several  problems  (discussed  below)  that  were  not  resolved  in  t'ne  earlier 
work . 

As  new  and  different  equipment  is  made  available,  old  tables  of  recommended  test  weights 
become  obsolete.  Section  2.0  provides  data  on  swamped  outbocrd  motors  and  controls  tnct 
can  be  used  to  compile  an  updated  weight  table  that  can  be  used  with  a level  flotation  standard  . 

There  had  been  concern  that  SK  boats  would  not  be  able  to  meet  a level  flotation  standcrd 
without  undue  hardship  and  costs.  Section  3.0  demonstrates  how  two  boats  of  this  type  can 
be  fitted  to  meet  a level  flotation  standard  without  excess  difficulty. 

Section  4.0  discusses  the  problems  of  water  absorption  of  foam;  particularly,  seat  foam. 
Recommendations  for  a timed  submergence  are  given  for  compliance  testing  considerations. 

One  of  the  basic  problems  of  establishing  a level  flotation  standard  is  in  defining  an  cttitude 
that  is  both  safe  and  readily  attainable.  Sections  5.0  and  6.0  discuss  the  longitudinal  trim 
requirements  and  the  transverse  stability  requirement. 

1 Cockburn,  J . A . end  Michalopoulos,  C.  A.,  Flotation  Standards  Analysis  Research  and 
Development  Report,  Wyle  Laboratories,  June  1973. 

2 Sautkuiis,  C.,  Bowman,  J.,  and  Chcdwick,  T.,  Phase  I Final  Report  - Level  Flotation 
Standards  Analysis  Research  and  Development  Report,  Wyle  Laboratories,  May,  1975. 


Throughout  the  development  cf  the  level  flotation  standard,  rhe  Coast  Guard  was  concerned 
with  making  the  public  end  industry  aware  cf  the  benefits  associated  with,  and  research 
going  into  the  formulcrion  of  c level  flotation  standard.  Pa ,-t  of  dais  progrem  /res  a level 
flotation  de  monstreti  on  held  in  Austin,  Texas,  for  members  of  3SAC  one  cnyone  else  that 
was  in’erestea.  Section  7.0  of  this  report  contains  c literature  icndojt  that  v/as  prepared 
for  this  aemorstratl on  . This  r.cndouf  describes  the  test  ocat  characteristics  end  prccedures 
employed  for  »he  aemonstreti  on . 

A set  of  experiments  involving  novice  boaters  in  a swamping  situation  which  were  performea 
under  rhis  tcsK  w.oich  did  not  //ork  out  as  planned  are  presented  In  section  3.0.  These 
experiments  do,  however,  provide  useful  input  to  another  ongoing  rcsk  Bocfer  EauccriorV 
end  will  be  used  re  full  aaventage  . 

Exoerimerts  designed  to  determine  cny  special  problems  which  self-bailing  pacts  might  have 
are  presented  in  section  9 0.  Unless  Occident  data  indicate  otherwise,  these  boats 
oe  treated  !i<e  orner  boats  wirh  respect  to  a ievel  flotation  standard. 

Section  ICO  points  out  that  small  boats  of  500  I os  or  less  persons  capacity  may  require 
62-50  ‘!  otarion  las  opposed  rc  50-50  flotation  for  other  boots)  in  rough,  water.  Toi$  should 
o-ly  oe  -equired  if  tneir  exposure  rote  in  this  tyoe  of  ccnaiticn  cee— s it  -ecesscry. 

Tne  finaings  ir>  this  report  in  conjunction  with  worx  DeUormed  in  References  ' ana  2,  plus 
inout  from  tne  Researc-  and  Develooment  Center  in  Grcton,  Connecticut,  ccmoi.oec  w i t‘«* 
.vpr-.  oemor-ec  oy  personnel  or  USCG  Heaaaucrters  should  leap  r;-e  Coast  G-cra  *o  for-  a 
safe  an, a eaui*,aole  le/e!  flotation  s‘andara. 
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Figure  1-1.  Objectives  Tree  for  Level  Flotation  Standard 
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2 . 0  S'.V A M PE D MAC HINERY  WE  1GHT  DETERMINATIONS 


Reference  2 suggests  that  the  swamped  machinery  weight  table  to  be  used  for  flotation  amount 
deter.T>inc‘,ion  should  oe  updcted  . The  dctc  presented  in  rhis  section  can  be  usea  in  conjunction 
v itn  acta  on  other  engines  to  aid  in  upaating  the  tcble  of  swcmpea  machinery  weight. 

2 . 1  Test  Description 

Swcmped  engine  weights  were  determined  as  follows: 

The  engine  was  fastened  to  cn  overhead  crane  with  a I oca  ceil  in  series  with 
the  crane  and  was  lifted  and  the  dry  weight  recorded.  The  engine  was  then 
lowered  into  a tank  of  fresh  water  unlil  the  wafer  level  was  at  the  fop  of  the 
mounting  bracket  (see  Appendix  A,  Figure  Al-All),  This  weight  wcs  recorded 
as  the  swamped  weight  of  the  engine.  To  facilitate  attaching  the  crcne, 

Me  covers  on  most  engines  had  to  be  removed;  therefore,  to  obtain  the  actual 
swamped  weight,  the  weight  of  the  engine  covers  wcs  added  to  the  weight  reed 
from  t-he  load  cell.  The  135  np  Evinrude  and  the  130  ho  Chrysler  had  DOwer 
tilt  gear  (see  Figures  Al2  end  A13)  and  were  tested  with  if  attached. 

T e corner/  and  c o.ntrol  weights  were  ae  ter  mined  in  c si  mi  ler  menner . These  i ferns  were  : om- 
clerely  suomerged  during  the  submerged  weight  determination.  Figure  Al4  shows  one  of  rhe 
c antra's  -sea . 

2.2  Swamoea  Machinery  Weiant  Results 

5:nce  me  /clues  ebrained  must  ce  used  in  conjunction  with  other  values  to  upcafe  the  Swamped 
Machinery  Weight  Table,  the  results  ere  presented  in  tabular  form. 
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Table  2-'  presents  the  results  of  the  swamped  engine  weight  determination. 


TABLE  2-1 . SWAMPED  ENGINE  WEIGHT  DETERMINATION 


Ma  <e 

Yecr 

HP 

Dry  Weight 

Swcmped  Weight 

Swamped  Wt, 

E vinrude 

mm 

2 

26 

23 

.385 

Evi  nrude 

4 

36 

31 

.861 

E vinruae 

HE3 

6 

52 

45 

.865 

E vinruae 

1974 

9.9 

72 

61 

.347 

Evinrude 

1975 

15 

73 

62 

.849 

E vinrude 

1972 

25 

84 

75 

.893 

Evi  nrude 

1972 

65 

210 

179 

.852 

Evi nrude 

1973 

85 

271 

237 

.875 

Evinrude 

1974 

135 

302 

259 

.858 

1974 

35 

154 

136 

.883 

mm 

1973 

130 

267 

232 

.369 

Average  Swamped  Wt./  Dry  Weight  - .867 
Table  2-2  presents  the  results  of  the  swamped  control  and  battery  wei  ghts. 


TABLE  2-2.  SWAMPED  CONTROL  AND  BATTERY  WEIGHTS 


Item 

Dry  Weight  (lb  .) 

Submerg 

Controls 

8.5 

4, 

Controls 

10 

5 

C ontrols 

16 

1 1 

12V  3ctte-y  (Unknown) 

39 

19 

12V  3cftery  (Deka) 

64 

40 

12V  3cffery  (Die  Hard) 

52 

35 

12V  Battery  (Delco) 

46 

25 

(Id.) 


3.0  SK  BOAT  FLOTATION  FEASIBILITY  DEMONSTRATION 


At  ‘he  beginning  of  Phase  II  of  flotation  development,  it  was  believed  Mat  SK  ana  jet  ooats 
would  be  required  to  meet  the  stcndard.  Later  developments  through  work  performed  at  USCG 
Headquarters,  Washington,  D.  C.  indicated  that  the-e  was  not  sufficient  need  tc  warrant  their 
compliance  with  the  proposed  level  flotation  standcrd. 

The  '■esults  presented  here  ere  those  of  an  initial  feasibility  study  using  a typical  SK  boar  ana 
a typi ecl  jet  boat.  This  study  Mows  that  if  is  feasible,  without  too  much  difficulty,  to  install 
level  flotation  in  these  types  of  boars. 

Figures  3-1  through  3-3  show  the  SK  boat  used  for  this  feasibility  study  ana  Figures  3-4  and  3-5 
show  the  jet  drive  boat  used. 

rioted  on  was  installed  to  meet  the  modified  50  - 50  level  flotation  recuirement,  Ficure  3-6 
shows  the  SK  coat  in  the  test  fenfc  with  the  required  percent  of  the  persons  ccoccif y weight. 
Person  capacity  is  750  pounds.  Modified  5C  - 50  level  flotation  required  50  percent  of  the 
test  600  pounds  ^X0  pounds}  plus  25  percent  of  the  remaining  weight  (37,5  pounds).  The 
proposed  star.dcrd  Men  requires  50  percent  cf  this  weight  (168.75  pounds)  to  be  supported 
at  the  side.  Figure  3-7  shows  the  boat  in  this  condition.  An  additional  15  pounds  side 
load  caused  the  boat  to  attain  an  attirude  as  shown  in  Figure  3-8. 

Figures  3-9  and  3-10  show  the  flotation  arrangement  of  the  SK  boar.  Manufacturer  installed 
flotation  wes  present  in  the  gunwales  throughout  rhe  length  of  the  passenger  carrying  area. 

Figures  3-11  and  3-12  show  the  arrangement  of  the  flotation  in  the  jet  drive  beat  that  was  used 
in  rh<;  *'lotaficr.  demonstration  at  Naples,  Florida,  January  27-30,  19T5. 

Figures  3-13  and  3-14  ere  diagrams  with  flotation  modifications  indicated.  Table  3-1  contains 
the  amount  and  location  of  each  flotation  modification  mace. 
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Figure  3-4.  Jet  Drive  Boat  (stern  view) 
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50-50  Level  Flotation 
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.XT' 
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Figure  3-10.  SK  Boat  Flotation  Arranaomont 


Figure  3-14.  Diagram  of  Flotation  Modification  (Jet  Boat) 
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TABLE  3-1.  FLOTATION  MODIFICATION 


Distc  nee  From  Bow 


Distance  From 


27  in. 


27  in. 
1 3 i n . 


(Removed  From  "As 
manufactured"  boat) 


Cu  . In  . Foam 

lb  . Buoyancy 

1520 

53.13 

1520 

53.13 

1871 

65  ,40 

1371 

65.40 

-200 

775 .75 

27.11 

422.32 

14.76 

2035.5 

71  .15 

563 

19.68 

7327.5 

256.12 

8496 

296.97 

2016 

70.47 

1123 

39.43 

1 128 

39.43 

756 

2o.42 

75o 

26.42 

5548.5 

193.94 
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4.0  FOAM  ABSORPTION  CONSIDERATIONS 


One  area  of  concern  regarding  the  characteristics  of  flotation  material  is  that  of  water 
absorption.  It  was  felt  that  if  a boat  just  met  the  minimum  requirements  when  it  was  first 
submerged,  it  may  not  meet  the  minimum  requirements  after  being  submerged  for  a period 
of  time,  particularly  if  open  cell  foam  is  used  such  cs  that  found  in  many  boat  seats.  To 
aid  in  deciding  what  should  be  acne  regarding  this  problem,  the  wafer  absorption  character- 
istics of  this  seat  foam  wcs  investigated. 

Three  seats  were  used  ror  this  investigation.  Two  of  the  seats  were  relatively  new  end  rne 
third  was  a couple  of  years  old  and  had  been  exposed  to  much  weather  end  submerged 
many  times  during  other  experiments.  This  older  sect  wcs  used  to  see  how  the  charocte-isrics 
may  neve  chcnged  with  age  and  use  . 

Tcbles  4-1,  4-2,  and  4-3  present  tne  results  cf  the  three  seat  tests.  The  sects  usea  as  felt  to 
oe  representative  of  those  thet  would  provide  buoyancy  in  many  production  bocts . Looting  af 
Tcbles  4-1  through  4-3,  you  can  see  thet  the  seats  do  lose  cuoycncy  by  remaining  suomerged . 
However,  if  you  look  at  the  loss  of  buoyancy  that  occurs  when  the  seats  are  waked  on,  you 
can  see  that  tnis  is  a significant  reduction.  Just  leaving  the  sects  submerged  in  water  does  not 
give  c true  indication  of  the  loss  in  buoyancy  thet  would  occ-r  if  the  seats  were  suomerged  end 
people  were  moving  about  on  them.  This  coula  present  a proolem  for  compliance  testing  ‘or  o 
flotation  standard.  If  t'ne  loss  in  buoyancy  with  people  moving  about  on  the  seats  is  to  oe 
effected,  a test  procedure  must  be  developed  to  do  this,  it  may  oe  rationalized  that  cecpie 
sittinp  on  the  seats  do  not  have  the  same  effect  on  buoyency  cs  people  walking  on  the  sects, 
and  that  the  seat  can  be  submerged  for  compliance  testing  purposes  without  "walking  on  the 
seats. " 

If  sect  :oam  is  permitted  to  be  used  to  meet  the  flotation  requirement,  another  proolem  may  be 
encountered;  that  of  having  the  seats  pul!  out  from  their  fcsten!ngs.  A test  for  strength  of 
fastenings  may  clso  have  to  be  developed. 

To  see  what  effect  loss  of  buoyancy  due  to  submergence  hod  on  an  entire  boat,  cn  13  ;t  jet 
drive  boat  was  tested.  Table  4-4  shows  these  results. 
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TABLE  4-1.  NEW  SEAT  SUBMERGENCE  TESTS 


Time 

Submerged 

Submerged 
Fixture  Wt 
(lb) 

Submerged  Fixture 
and  Seat  Wt 
(lb) 

Seat 

Buoyancy 

(lb) 

Initially  Submerged 

105 

7 

98 

Suomerged  for  1 hr 

105 

43 

57 

Submerged  for  2 hr 

105 

51 

54 

Submerged  for  4 hr 

105 

54 

51 

Submerged  for  4 hr  and 
wclking  on  submerged 
seat  for  10  min . 

105 

70 

35 

Submerged  for  6 hr  and 
walking  on  submerged 
seat  for  10  min . 

105 

72 

33 

Submerged  for  22  hr 

105 

74 

31 

Suomerged  for  24  hr  and 
waixing  on  sect  for  10 
min  . 

105 

77 

23 

23 
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TABLE  4-2.  NEW  SEAT  SUBMERGENCE  TESTS 


Time 

Submerged 

Submerged 
Fixture  Wt 

(lb) 

Submerged  Fixture 
and  Sect  Wt 
(lb) 

Seat 

Buoyancy 

(lb) 

Initially 

105 

12 

93 

Submerged  for  15  min. 

105 

31 

74 

Submerged  tor  16  hr 

105 

58 

47 

Submerged  *’cr  1?  hr 

105 

62 

43 

Suomerged  for  19  hr  end 
r.clked  on  ;or  10  min. 

105 

75 

30 

Submerged  for  21  hr 

105 



76 

. . 
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TABLE  4-3.  OLD  SEAT  SUBMERGENCE  TESTS 


Time 

Submerged 

Submerged 
Fixture  Wt 
(lb) 

Submerged  Fixture 
and  Sect  ,Vt 

(lb) 

Seat 

Buoyanc 

(lb) 

Initial  ly 

103 

45 

58 

Suomerged  ‘or  15  min. 

103 

64 

39 

Submerged  for  16  hr 

103 

67 

36 

Submerged  for  16  nr  and 
* cl  < ing  on  sect  ;cr  10 
min  . 

103 

85 

13 

Suomergea  ‘or  13  hr  1 

103 

87  1 

16 

Suomercea  ‘or  13  hr 


TABLE  4-4.  18  FT  JET  BOAT  SUBMERGENCE  TESTS 


From  Table  4-4,  if  can  be  seen  that  fhe  reduction  in  buoyancy  due  to  walking  on  the  seats  is 
a small  percentage  of  fhe  total  reduction  in  buoyancy  caused  by  the  boat  being  submerged  for 
an  extended  period  of  time. 
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5.0  LONGITUDINAL  TRIM  CONSIDERATIONS 


5.  I Objective 

The  objective  of  the  work  covered  in  this  section  was  to  investigate  and  analyze  any  trim 
problems  which  may  be  associated  with  level  flotation. 

5.2  Trim  Problems  Associated  With  Level  Flotation 

There  were  several  areas  which  needed  consideration  during  the  development  of  the  level 
flotation  standard.  One  area  of  concern  was  the  trim  attitude  of  a flooded  boat  with  no 
pcssenger  load  on  board.  If  a boat  met  the  standard  criteria  in  the  full  load  condition, 
would  that  mean  it  would  also  provide  a scfety  plctform  in  the  partially  loaded  or  no 
passenger  load  condition?  A boat  in  the  no  passenger  load  condition  must  still  float  with 
an  atti rude  that  would  allow  passengers  in  the  water  to  board  it. 

Another  arec  of  concern  was  thct  of  the  maximum  trim  a boat  should  have  both  in  the  full 
pcssenger  load  and  no  passenger  load  flooded  condition.  This  would  have  to  be  a subjective 
determination  based  on  results  of  flotation  testing. 

A third  area  of  importance  was  the  longitudinal  limits  for  test  weights  for  compliance  testing 
purposes.  Reasonable  longitudinal  limits  needed  to  be  set  for  test  weight  placement  in  order 
to  insure  that  In  a real  life  situation  passengers  could  be  supported  in  creas  that  they  could 
read!  I y occupy . 


5.3  Experiments 


Several  experiments  were  conducted  to  provide  data  to  help  in  answering  the  trim  questions, 


5.3. 1 Trim  in  the  Light  Flooded  Condition 

These  experiments  were  performed  in  order  to  investigate  the  possible  trim  a boat  might  nave 
in  the  no  passenger  load  flooded  condition.  These  experiments  were  performed  as  follow: 
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Three  boats  were  equipped  with  flotation  to  meet  a modified  50-50  flotation  requirement. 

This  modified  requirement  is  that  the  boat  support,  on  centerline,  50%  of  the  first  600  lbs 
of  passenger  load  and  25%  of  the  remainder  of  the  passenger  load.  The  transverse  stability 
requirement  is  that  it  support  50%  of  the  centerline  load  at  the  side.  The  three  boats  used 
are  boats  516,  1219  and  1187  (Figures  5-1,  5-2,  and  5-3,  respecti veiy) . Characteristics 
of  these  boats  are  shown  in  Table  5-1. 

The  flotation  material  in  each  boat  was  adjusted  so  that  the  boat  floated  in  a "level" 
attitude  when  the  test  weights  were  placed  at  a predetermined  position.  "Level"  for  these 
experiments  wcs  taken  as  possible  minimum  conditions  for  the  proposed  stcndard.  The 
predetermined  positions  of  the  test  weights  varied  from  midlength  of  the  passenger  carrying 
area,  to  10%,  20%  or  30%  forward  of  the  midlength.  In  the  case  of  boat  516  which  had 
two  passenger  compartments,  the  test  weights  for  each  compartment  were  divided  in  the  same 
ratio  as  the  lengths  of  each  compartment  to  each  other. 

For  some  experiments,  the  flotation  material  in  the  boat  was  not  relocated  to  obtcin  a "level" 
attitude  when  the  test  weights  were  moved  to  various  locations.  Instead,  c test  fixture 
(Figure  5-41  was  fabricated  to  simulate  the  effect  of  shifting  flotation  material . If  the  weights 
in  the  two  baskets  are  the  same,  the  net  vertical  force  on  the  boat  is  0 (neglecting  friction 
in  the  pulleys).  These  two  forces,  however,  apply  a couple  to  the  boat  enabling  it  to  be 
trimmed  to  any  desired  attitude  without  changing  the  weight/buoyancy  relationship  of  the  boct . 

The  test  weights  were  initially  placed  on  centerline  at  the  midlength  of  the  passenger  ccrrying 
area  or  areas.  The  required  machinery  weight  was  clso  placed  on  the  boat  in  its  proper 
location.  The  quantity  of  test  weights  used  initially  was  that  required  by  the  modified  50-50 
flotation  standard;  i.e.,  50%  of  the  first  600  pounds  plus  25%  of  the  remainder  of  the 
passenger  load. 

Ecch  boat  was  leveled  by  shifting  r'otation  material  or  with  the  leveling  fixture  and  the  drafts 
fore  and  oft  recorded.  Weights  were  then  removed  in  increments  and  the  resulting  draft 
changes  recorded.  The  attitude  of  the  boat  with  all  passenger  load  weights  removed  was  also 
recorded . 
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The  weights  we  re  then  replaced  in  the  boat  on  centerline,  but  at  a different  longitudinal 
position;  10°f> , 20°->  or  30°o  forward  of  midlength  of  the  passenger  compartment.  The  weights 
were  again  removed  in  increments  and  drafts  fore  and  aft  recorded  (see  Section  5.4.  l i. 

5.3.2  Longitudinal  Position  of  Test  '//eights 

Since  the  level  flotation  sfondcrd  'would  specify  an  attitude  in  which  the  boat  must  float,  it 
must  clso  specify  area  limits  for  test  weights.  Ideally,  test  weights  should  be  placed  only 
in  areas  that  real  people  could  be  expected  to  occupy  in  c swamping  situation.  This  would 
recuire  defining  areas  that  people  could  occupy.  This  could  prove  to  be  difficult  end  very 
time  consuming,  especi al I y when  compliance  testing.  An  alternative  to  this  is  subjectively 
choosing  a longitudinal  limit  that  appears  to  be  satisfactory . 

Based  on  experience  gained  during  the  development  of  a level  flotation  stendard,  it  was 
believed  that  - 70:/o  of  passenger  area  length  abou*'  mi d'eng*''  of  cassenaer  area  v.cs  a sui  ‘cble 
limit  for  placement  of  ‘’est  weights.  It  appears  to  be  verv  difficult  to  fit  occupant?  in  t^e 
coct  forward  of  the  20°k  mark,  say  at  the  303;  mark  . In  c to  substantiate  the  sub'ecti  /e 
choice  of  - 2C°-.  , tne  following  determination  was  made. 

Most  boats  would  probably  lean  toward  the  forward  limit  ccr  oasserger  load  to  obtain  a level 
attitude.  This  is  due  to  the  heavy  engine  weight  am.  If  rest  .-.eic'-ts  «ere  permitted  to  have 
their  LCG  at  20‘>5  forward  of  the  midlength  of  the  ocssencar  carrying  area,  this  wouTa  mean 
that  in  a real  swamoing  situation  '-elf  the  people  must  be  forward  af  the  20"-  merk  in  order 
to  obtain  a level  attitude.  In  order  to  cetermine  if  this  indeed  were  cossible,  a sc^p’?  of 
15  boats  w cs  used  for  the  determination.  For  each  of  these  boats  ($ee  Table  5-2),  the 
persons  capacity  in  pounds  was  determined.  The  person  capacity  in  pounds  wes  then  divided 
by  150  to  obtain  the  number  of  people  at  150  pounds  the  boat  would  support.  Half  of  this 
number  of  people  ihen  must  be  able  to  get  forward  of  the  2C°h  forward  mark  in  each  of 
these  boats.  The  required  number  of  people  iTable  5-2)  boarded  each  beat  and  attempted 
to  locate  themselves  in  the  required  position.  Results  are  presented  in  Section  5.4,2. 
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5.4  Results  and  Analysis  of  Trim  Experiments 


Following  are  the  results  of  several  experiments  designed  to  aid  in  establishing  trim  criteria 
for  a level  flotation  standard. 

5.4.1  Results  of  Experiments  to  Determine  Trim  in  the  Light  Flooded  Condition 

Tcbles  5-3  through  5-9  contain  the  results  of  the  experiments  designed  to  determine  possible 
trim  in  the  light,  flooded  condition.  The  results  of  each  boat  will  be  discussed  separately. 

Boat  516  was  initially  equipped  with  flotation  to  support  a passenger  load  of  1280  pounds  to 
the  modified  50-50  requirement.  This  is  a net  load  of  470  pounds.  From  the  time  of  the 
original  test  determining  the  quantity  of  flotation  present  to  the  time  of  the  first  experiment 
(approximately  two  hours),  the  boat  lost  buoyancy  due  to  wcter  absorption  resulting  in  its 
being  able  to  support  only  450  pounds. 

As  seen  in  Table  5-3,  the  boat  'was  trimmed  so  that  the  aft  end  'was  approximately  12  inches 
below  the  surface  of  the  v,ater  with  the  forward  end  approximately  of  the  surface  of  the 
■wafer,  < Thi s was  being  considered  as  a possible  minimum  level  attitude  for  the  proposed 
standard.'  The  test  weights  were  at  the  midlengfh  of  the  passenger  carrying  areas  for  this 
experiment.  When  all  passenger  weights  were  removed,  the  total  trim  of  the  boat  wcs  just 
over  13  inches.  This  is  very  little  change  from  the  initial  trim  of  approximately  12  inches. 

The  next  two  experiments  with  boat  516  utilized  the  leveling  apparatus  to  bring  the  boat  to 
the  desired  trim  when  the  passenger  load  weight  was  placed  20%  and  then  30°?  forward  of 
midlength  on  the  centerline  (as  opposed  to  at  the  midlengfh  as  in  the  first  experiment';. 

The  boat  had  lost  an  additional  fen  pounds  of  buoyancy  due  to  wcfer  absorption  (additional 
submergence  time  about  two  hours)  for  the  20%  forward  experiment  and  an  additional  fen 
Dounds  prior  to  the  30%  forward  experiment  (total  immersion  time  approximately  seven  hours) 
As  seen  in  Tables  5-4  and  5-5,  the  change  in  trim  from  the  fully  loaded  condition  to  the  no 
passenger  load  condition  increased  in  the  latter  experiments.  In  the  case  where  the  wei  ghts 
w ere  20%  forward,  the  trim  went  from  about  13  inches  down  by  the  stern  to  about  15  inches 
down  by  the  stern,  and  in  the  case  where  the  weights  were  30%  forward,  the  trim  went  from 
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about  1 1 - 1/2  laches  down  by  the  stern  in  the  fui I y loaded  condi tion  to  Just  over  20  inches 
in  the  no  passenger  load  condition.  For  this  boat,  the  submergence  of  the  aft  end  was  alwC/S 
the  greatest  in  the  fully  loaded  condition  and  the  boat  never  trimmed  to  what  could  be 
considered  a severe  attitude. 

From  these  experiments,  it  shows  that  this  boat  does  not  trim  excessively  in  the  no  pcssenger 
load  condition  even  when  the  flotation  was  located  such  that  it  requires  the  passenger  load 
to  be  30~o  forward  of  midlength  ‘o  obtain  minimum  acceptable  trim  conditions  in  the  full 
load  condition.  At  the  time  of  these  tests,  it  was  felt  that  30°o  forward  of  midlength  could 
oossibly  be  the  physical  limit  for  locating  the  'weights  to  obtain  the  desired  trim  attitude  in 
the  fully  loaded  condition. 

Tables  5-6,  5-7  and  5-3  contain  the  results  of  experiments  on  boat  1219.  Table  5-6  shows 
that  v/ren  the  test  weights  are  at  the  midlength  of  the  passenger  carrying  area,  the  boat 
chcnged  trim  slightly  from  the  full  passenger  load  to  the  no  passenger  locd  condition.  It 
went  from  just  over  five  inches  down  by  the  stern  to  seven  inches  down  by  the  bow. 

The  next  two  experiments  with  boot  1219  had  the  same  location  of  t he  test  weiahts  (303~ 
forward  of  midlength);  however,  they  differed  in  initial  trim.  Table  5-7  shows  the  trim 
in  the  rull  loco  condition  to  be  about  five  inches  down  by  the  stern  while  the  initial  trim  for 
the  experiments  shown  in  Table  5-8  is  about  16  inches  down  by  the  stern  with  the  submergence 
a‘  the  aft  end  being  about  13  inches. 

For  both  exDeriments  going  from  the  fully  loaded  condition  to  ‘he  r,o  passenger  load  condition 
did  not  result  in  severe  trim.  Again,  these  exoeri meats  indicate  that  severe  trim  in  the  lioht 
condition  would  not  be  a problem. 

The  last  boat  used  in  these  trim  experiments  was  a small,  lightweight  johnboat.  Table  5-9 
shows  the  results  of  this  experiment  which  are  quite  different  from  the  results  of  the  previous 
two  boats. 
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The  flotation  material  was  adjusted  so  that  the  boat  floated  aDDroxi  mate  ly  level  when  •■he 
passenger  load  weight  was  located  10o/-  forward  of  midlengfh.  As  the  -weights  were  removed, 
the  boat  trimmed  down  by  the  stern  as  was  expected.  This  trim,  however,  became  exc^ssi  /e 
as  the  passenger  load  weight  in  the  boat  became  relatively  small . When  the  last  increment  of 
passenaer  load  weight  was  removed,  the  boat  assumed  an  almost  verticcl  stern  down  position. 
This  is  an  unacceptably  seve'e  trim  attitude.  It  would  fce  very  difficult  to  board  this  boar 
froe  the  wcter  in  order  to  tcke  advantage  of  the  flotation  with  which  it  is  equipped. 

5.4.2  Res'j.i.  of  Longitudinc!  Limits  of  Test  Weights  Deter,v'i nation 

Appendix  B contains  photos  of  the  18  boats  used  in  the-  determination.  Each  boat  contcins 

half  the  number  of  people  that  it  would  have  if  fully  loaded.  (In  some  cases  rounding  off  the 
calculations  caused  more  than  half  the  focal  number  of  people  to  be  in  the  boot  cs  can  be 
found  in  Table  5-2).  Each  of  these  boats  had  two  tape  marks  on  the  side  of  the  boat. 

(Boats  -with  multiple  passenger  areas  have  two  fcpe  mcrks  per  passenger  arec.'i  The  *ope 
mark  aft  marks  the  midlength  of  the  oassenger  carrying  arec.  The  tape  mark  forward  marks 
the  spot  that  is  20’S  of  the  passenger  length  forward  of  the  midlength  of  the  pcssenger 
area.  As  ccn  be  seen  from  the  photos  in  Appendix  B,  the  203 A forward  mark  appears  to 
be  the  limit  in  front  of  which  half  the  number  of  persons  for  these  boats  can  fit. 

5.5  Conclusions  and  Rc commendations 

Based  on  the  results  of  the  longitudinal  trim  experiments,  it  can  be  concluded  that  a no 
passenger  load,  flooded  trim  condition  needs  to  be  specified  in  the  level  flotation  sfcndord. 
This  trim,  as  well  as  the  full  load  trim,  will  be  subjective  determinations  based  on  exoerience 
gained  through  flotation  testing.  The  limits  fhct  are  being  recommended  here  are: 

• For  the  full  load  condition  - One  end  of  the  boat  must  be  at  or  above  the 
surface  of  the  wafer.  The  other  end  must  not  be  more  than  12  inches  below 
the  surface  of  the  wafer. 

• For  the  no  passenger  load  condition  - Same  as  full  load  condition. 
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If  Is  felt  that  *esf  weiohfs  fhat  are  used  during  testing  for  compliance  should  be  allowed  to 
be  pieced  such  that  their  confer  of  gravity  is  cnyv/here  between  203’:  oc  the  passenger  area 
I enqfh  forward  of  midlength  of  the  oassenger  area  cr.d  20o,->  of  the  pcssenger  area  lergfh  aft 
of  miciiength  of  the  passencer  crea. 


TABLE  5-1.  CHARACTERISTICS  OF  TEST  BOATS 


Boot  Nurbpr 

Length  ('ft) 

Beam  (ft) 

CaDacity  Plate  Values 

Maximum  HP 

Person  Cap. 

516 

15.91 

6.12 

85 

1050 

i 

121° 

16.49 

6.63 

120 

750 

12-15 

1187 

14.05 

4.0 

10 

400 

540 
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TABLE  5-2.  BOATS  USED  FOR  LONGITUDINAL  WEIGHT  DISTRIBUTION  STUDY 
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TABLE  5-3.  LONGITUDINAL  STABILITY  DATA  SHEET 


Boot’  Number  516 

Location  of  Passenger  Load  Midlength 


Draft 

Total  Passengers'  Weight  Present 

Fore 

Aft 

495 

+ 1/4" 

- 11-9/16" 

445 

+ 1-1/2" 

- 3-1/8" 

395 

* 1-1/4" 

0 

345 

+ 1-1/8" 

- 1" 

295 

* 1-1/4" 

- 1-3/4" 

245 

195 

+ 1-1/2" 

+ 3-7/10" 

145 

95 

45 

0 

-L  9" 

- 4-3/8" 

35 


TABLE  5-4.  LONGITUDINAL  STABILITY  DATA  SHEET 


Boat  Number  516 

Location  of  Passenger  Locd  20°'>  Ewe! 


Draft 

Total  Passengers'  Weight  Present 

Fore 

Aft 

495 

1/2 " 

- 12-3/4" 

445 

- 1/4" 

- 1-3/4" 

395 

- 1-1/2" 

1/4" 

345 

- 1-1/4" 

- 1" 

295 

* 3" 

- 2-1/8" 

245 

195 

145 

95 

45 

0 

- 12" 

* 2-3/4" 

> 9 4i 


TABLE  5-5.  LONGITUDINAL  STABILITY  DATA  SHEET 


Boat  Number 

Location  of  Passenger  Load 


516 

30%  Fwd 


Total  Passengers'  Weight  Present 

Draft 

Fore 

Aft 

465 

+ 3/4" 

- 10-7/8” 

415 

4.  2 " 

- 4-1/4" 

365 

+ 2-1/2" 

- 1-1/4" 

315 

* 4" 

- 1" 

265 

- 5-1/4" 

3/4" 

215 

4.  8" 

- 1-3/4" 

165 

11-3/4" 

- 2-7/8" 

115 

+ 13-1/2" 

- 3" 

65 

- 15-1/4" 

- 3-1/6" 

15 

0 

- 17-1/4" 

- 3" 
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TABLE  5.6  LONGITUDINAL  STABILITY  DATA  SHEET 


Boat  Number  1219 


LocaHor  of  Passenger  Load  Midlengfh 


— 
Total  Passengers'  Weight  Present 

Draft 

Fore 

Aft 

395 

0 

- 5-1/4" 

345 

- 1/4" 

- 1/2" 

295 

- 1/4" 

- 1-3/4" 

245 

- 1/4" 

-2-5/3" 

195 

- 1/8" 

- 3-1/4" 

145 

0 

- 4" 

95 

- 1/2" 

- 4-7/8 " 

j 45 

0 

-6-1/3" 

0 

- 1/4" 

-6-3/4" 
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TA8LE  5-7.  LONGITUDINAL  STABILITY  DATA  SHEET 

Boa!  Number  1219 

Locction  of  Passenger  Load  30°~  Fwd 


Total  Passengers'  Weight  Present 

Draft 

Fore 

Aft 

395 

1/4" 

- 4-7/8" 

345 

+ 1/4" 

- 3-8/10" 

295 

+ 1" 

- 3-1/2" 

245 

4-  2" 

0 

195 

+ 3" 

+ 9/10" 

145 

+ 3-1/2" 

+ i-yio" 

95 

+ 5-1/2" 

- 1-1/2" 

45 

+ 8-1/2" 

- 1-6/10" 

0 

+ 14" 

- 1-1/4" 

TABLE  5-8.  LONGITUDINAL  STABILITY  DATA  SHEET 


Boat  Number  1219 

Location  of  Possenaer  Load  30%  Fwd 


Tot'd  Passengers'  Weight  Present 

Draft  1 

Fore 

Aft 

395 

- 3" 

- 13-1/8" 

345 

+ 3-1/4" 

- 12-3/8" 

295 

- 4" 

- 11" 

245 

+ 5" 

- 9-3/S" 

195 

- 6" 

- 6-1/4" 

145 

* 5” 

1/8" 

95 

- 5-1/2" 

- 1" 

45 

- 8" 

9/10" 

o 

- 12-3/3" 

8/10" 
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TABLE  5-9.  LONGITUDINAL  STABILITY  DATA  SHEET 

Boat  Number  1 187 

Loccfion  of  Passenger  Load  10°'  Fwd 


Total  Passengers'  Weight  Present 

Draft 

Fore 

Aft 

155 

- 2-3/4" 

+ 1-1/2" 

130 

+ 3- 1/2  " 

+ 1-3/4" 

105 

+ 9" 

+ 1/2" 

80 

- 15-1/2" 

- 1/2" 

55 

* 23" 

- 5-1/4" 

30 

Sunk  by  the 

stern 

400  II. 

Wcigltt 


6.0  TRANSVERSE  STABILITY  CONSIDERATIONS 


It  Bc$  been  -irt-’ml  ned  through  Reference  1 and  2 that  a certain  amount  of  transverse  stab'll  t/ 
is  a desirable  rcaturc  of  level  Motet! on . A level  flotation  standard  would  have  to  soecify 
*he  recui  rod  amount  of  stability  and  a method  of  measuring  this  stability. 

Based  on  Phase  I end  Phase  II  of  ►he  tie-  elopmentcl  testing,  a desirable  amount  of  transverse 
stability  hes  been  determined  subjectively  '"see  So  a Hon  10.0  for  Rough  '.Voter  Requirements'. 
An  objective  measure  of  this  stccility  has  also  been  cefermi ned.  A boat  -will  have  the 
desirable  stability  if  the  flotation  is  arranged  such  that  the  boat  does  not  exceed  a 30°  heel 
a-cN  .'.her  -cV  o:  fhe  weiaht  being  suoported  on  certerline  for  the  flotation  test  is  moved 
to  t h e 'o.'.est  outboard  oeri meter  or>d  the  remaining  half  of  the  weight  is  removed.  The 
subjective  defer~’inafion  of  the  desired  stability  was  based  on  the  boat's  motion  in  waves 
and  allowing  a certain  amount  of  persons  motion  in  the  boct. 


T'-e  area  af  concern  here  is  the  locarian  of  the  test  weights  ror  comclicnce  testing  ourocses. 

T'  rev,  r*  Cv*  me  ae -e!  comental  testing,  stability  measurements  .-.ere  tc<en  placing  the  rest 
.veig -r:  ;o  *•  at  :-eir  center  c arc/:'"/  wes  aporoximetely  four  Inches  af:  the  cockpit  sale  anp 
acc-rcx  i~c  tel • cur  inches  inboard  of  fie  outside  extremity  of  the  ocssenger  carrying  area. 
Long! ‘join cl  distribution  of  test  weights  wc s generally  a fairly  uniform  distribution  throughout1 
•me  oasse-aer  carrying  area. 


I * ¥ U & 
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-c  passenger  load  Mooded  condition  trim  requirements  are  met,  it  would  be  relatively 
o amen-,-  the  flotation  material  so  fhe  test  weight  would  have  a reasoned :e  long:fjdlna! 
' ; f ' on  . Since  fhe  side  load  *rars/erse  stability  test  is  a ~easure  of  fue  stability  c •he 
d coat  ard  not  an  eperoxi motion  of  .vhet  all  the  Deocle  in  the  boat  can  actually  Co  cs 
centerline  ‘ofcl  flotation  test,  some  leeway  in  the  distribution  of  test  weients  should 


C f? 


a I lev,  ed . 


T-e  longitudinal  distribution  proposed  in  the  USCG  Level  F'ototion  reaulation  dated 
September  f,  1^7o,  aopears  tc  be  acceptable.  This  distribution  says  thet  fhe  center  o' 
gravity  of  the  test  weights  for  the  transverse  stability  test  must  be  within  * 35?-  of  the 
oc ssenger  area  length  about  the  midlength  of  fhe  passenger  area.  It  also  states  that  the 
test  weights  must  be  distributed  along  at  least  X'°L  of  the  length  of  fhe  passenger  carrying 


area . 
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-.0  FLOTATION  DEMONSTRATION  FOR  BSAC 


Ore  oc  the  roqui re^e-ts  for  Subtash  II  of  the  Flotation  development  was  to  equip  four  boats 
■a  i tb  level  flotation  to  be  used  in  a demonstration  for  a BSAC  meeting  in  Austin,  Texas. 
V/ea ther  conditions  I'1  Texas  at  the  time  of  the  meeting  did  not  permit  all  four  boats  to  be 
used  in  the  demonstration;  however,  following  is  the  hendout  aocument  tnct  r/as  orepered 
•or  *h i s de^onsfrari on  . 
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AUSTIN  FLOTATION  DEMONSTRATION 
BOATING  SAFETY  ADVISORY  COUNCIL 

TECHNICAL  NOTES 

• 


29,  30  May  1975 


Prepared  for 

DEPARTMENT  OF  TRANSPORTATION 
UNITED  STATES  COAST  GUARD 

Office  of  Research  and  Development 
Washington,  D C.  20590 
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AUSTIN  FLOTATION  DEMONSTRATION 


7.  I Introductory  Summary 

The  demonstration  on  29  May  1975,  will  reflect  the  latest  views  on  the  proposed  Level 
Flotation  Standard.  Four  boats  will  be  used  for  this  demonstration.  Two  of  these  boats  are 
runabout  types,  one  being  a bcwrider  and  the  other  a single  pcssenger  area  boat.  Both  are 
ecuipped  with  inbocra  engines  and  one  has  a jet  drive  unit  attached.  The  other  has  no 
orooulsion  unit  attached;  however,  the  weight  of  the  engine  has  been  modified  to  simulate- 
the  total  weight  of  an  engine  and  jet  drive  unit.  The  bowrider  boat  i Model  V 137)  has  a 
Persons  Capacity  of  1200  lb  and  the  single  passenger  area  runabout  has  a Persons  Capacity  of 
9 00  lb.  Flotation  For  each  boat  was  determined  according  to  the  flotation  curve  contained  in 
Fiaure  7-1  . F-om  the  curve,  the  flotation  amount  for  the  1200  lb  capccity  boat  is  30/50  and 
the  dotation  amount  for  the  900  lb  capaci ty  boat  i s 35/50. 

The  900  lb  :apac;ty  boat  is  equipped  with  cu:cl-  release  mechanisms  on  the  sects  so  the  seats 
can  oe  'emcvea  'o  shew  the  effect  of  loss  of  Buoyancy  of  the  seats  due  to  ware-  absorption 
or  -allure  of  fne  sear  fcstenings. 

The  o'her  t.vo  coats  ‘c  be  used  in  the  aemons'ration  are  johnboafs.  These  will  be  used  to 
demonstrare  the  *"i. oration  characteristics  of  coots  on  the  other  end  of  the  ooat  spectrum,  that 
is,  small  ana  light  weight  craft.  One  cf  these  beats  is  ecuipped  w:th  50  50  flotation  for  a 
•Persons  Ccoocity  o(  4QC  lb.  This  Is  believed  to  proviae  sufficient  stability  In  zaim  water.  To 
demenstra'e  how  -his  ooct  with  50  50  flotation  reacts  in  rough  water  i 9 to  13  inch  waves)  the 
other  jehnboot  is  ecuipped  with  flotation  such  that,  in  calm  water,  it  will  simulate  the 
rough  water  stability  characteristics  of  the  50  50  flotation  system. 

7.2  Flotation  Characteristics  of  Demonstration  Boats 

Since  each  boat  was  received  with  flotation  material  installed  by  the  manufacturer,  the 
flotation  characteristics  of  each  boat  had  to  be  determined  in  order  ro  aecide  what  modifi- 
cations needed  to  be  made  to  obtain  the  Ccost  Guard  proposed  Level  Flotation  system. 
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7.2.1  Glasfron  Model  V 174,  900  lb  Persons  Capacity 

This  boat  ^Figure  7-2 I was  received  on  loan  :rom  the  Glostron  Boat  Company  to  be  used  for 
flotation  resecrch  . The  boat  did  not  have  an  engine  v/hen  if  was  received;  therefore,  a 
aum.mv  engine  weight  bed  to  be  installed.  The  weight  of  the  engine  that  is  generally  in- 
stalled in  *•  h I s boot  was  obtained  from  the  Glostron  Boat  Company.  A scrap  engine  was 
obtained  non  a local  sciap  yard  and  weight  was  added  to  oring  the  rota!  to  the  required 
weigh1.  The  total  machinery  weight  in  this  boat  is  644  ib  dry  '521  lb  submerged. 

Initial  Notation  tests  on  this  boat  showed  that  it  had  enough  Cofaficr,  to  support,  in  addition 
to  the  machinery  weight,  a weight  of  8U  lb  on  centerline  and  c side  load  weight  of  274  ib 
' center  I i ne  and  side  load  tests  were  independent).  This  amount  of  flatction  wa  s far  in  ex  cess 
of  that  repaired  by  the  proposed  Level  Flotation  Standard.  In  order  to  obtain  the  flotation 
amount  that  would  oe  required  by  the  proposed  standard,  flotation  material  had  tc  oe  removed 
from  the  boat.  After  several  iterations  of  calculations  end  -and  testing  the  desired  chcracter- 
\ i'fics  were  obtained.  As  shown  on  the  flotation  curve  {Figure  7-1',  a boot  with  a 900  'b 

°er$ors  C cocci ty  will  be  required  to  have  35/50  flotation.  This  means  that  i*-  will  be 
recced  ‘o  support  35  percent  of  the  Persons  Capacity  on  centerline  and  50  percent  of 
'hat  amount  at  the  side  of  the  boat  without  the  boat  losing  stability. 

Re'eming  again  to  Figure  7-1,  a 900  Ib  Persors  CoDaci ty  boat  is  allowed  to  use  "seat  Foam" 
(ooen  cell  foam;  to  make  up  the  difference  between  25/50  (Curve  "A")  and  35/50  Curve  "B"1 
:,ctcf!cn.  This  particular  coat  dees  not  hove  enough  open  cell  foam  installed  to  provide 
that  ~och  flotation.  During  the  test  ‘he  seats  will  be  removed,  and  the  boar  will  then  hove 
approximately  27,  40  flotation. 

7.2.2  Glostron  Model  V 187,  1200  Ib  Persons  Capacity 

This  boot  'Figure  7-31  wes  also  received  on  loan  from  the  Glostron  Boat  Comparv  for  flotation 
research.  A$  with  the  V 174,  a scrap  engine  and  additional  weight  were  added  to  simulate 
the  '’•'ssiog  engine  end  outdrive.  The  total  machinery  weight  in  this  beat  is  775  Ib  dry  and 
560  Ib  suomerged  . 
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Initial  tests  on  this  boat  indicated  that,  as  delivered,  in  addition  to  the  machinery  //eight,  it 
could  suooorf  240  lb  on  centerline  and  195  lb  at  the  side.  According  to  Figure  7-1,  this  boat 
would  oe  ecuipped  with  30  50  flotation,  meaning  that  it  would  be  required  to  support  378  lb 
on  centerline  and  189  lb  at  the  side.  Therefore,  additional  foam  was  added  until  the  boat 
met  the  30  50  criteria. 

During  the  demonstration,  the  boat's  flooded  capability  will  be  demonstrated  with  a full  1200  lb 
persons  load,  and  with  a 756  lb  persons  load.  The  7 56  lb  load  equals  the  passenger  load  which 
the  boat  will  support  with  the  occupants  50  percent  out  of  the  wafer.  With  a 750  lb  load,  the 
boat  supports  the  people  as  if  the  beat  was  rated  for  750  lb  and  had  a 50,  50  flotation  system. 

7.3  Fisher  Model  Swift  14,  400  lb  Persons  Capacity 

This  beat  has  c manufacturer's  posted  Persons  Capacity  of  400  lb,  and  a posted  maximum 
horsepower  of  10.  The  posted  Maximum  Weight  Capacity  of  540  lb  exactly  equals  the 
Persons  Capacity  plus  the  maximum  motor  weight  for  a 10  hp  engine.  The  flotation  installed 
supports  51  percent  of  the  Persons  Capacity  and  53  percent  of  that  can  be  moved  to  the  edge 
of  th-  pcssenger  cerrying  area  without  the  vessel  exceeding  a 30°  heel  limitation.  The 
stability  iat  53  percent)  exceeds  our  50  percent  design  criteria  due  to  the  manner  in  which 
the  manufacturer  instclls  his  level  flotation  option.  Photographs  of  this  boat  are  shown  in 
Figure  7-4. 

During  the  tests  we  will  capsize  the  boot  with  one  person  on  ocard  . You  will  note  that  rhe 
beat  doesn't  capsize  until  the  occupant  attempts  to  reboard  it  over  the  side. 

It  is  our  experience  that  johnboats  with  one  person  on  board  rarely  capsize  or  swamp  during 
the  initial  accident.  After  the  boat  is  swamped,  two  persons  will  demonstrate  the  transverse 
and  longitudinal  stability  characteristics  cf  the  51,  58  flotation  system. 

During  our  testing  in  choppy  water  (9  to  13  inch  chop)  on  the  Tennessee  River,  we  noticed 
that  lightweight  boats  showed  dramatic  decreases  in  flooded  stability  in  waves.  This  was 
somewhat  surprising,  as  similar  tests  with  larger  boats  in  up  to  6 ft  to  3 ft  breaking  waves 
indicated  that  the  flooded,  level  flotation,  boats  responded  to  the  waves  by  heaving 
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■afn-.i  then  oiling,  and  thus  showed  little  decrease  in  stability  as  compered  to  calm  water, 
in  -c  give  you  sorre  idea  of  the  magnitude  of  the  stability  proolem  with  the  lightweight 

occ*,,  nave  set  jp  an  identical  Fisher  to  simulate  the  stability  characteristics  of  50  50 
•'lotah  on  In  tough  water.  This  second  boat  is  actually  set  up  to  50,  15,  and  the  stability  it 
aemenstrates  for  you  in  calm  water  is  close  to  that  which  50  50  gives  in  choppy  water. 

7 A Persons  Submergence  and  Percent  of  '.‘/eight  SupDorted 

Table  7-1  contains  the  results  of  tests  conducted  on  three  male  and  three  female  subjects  in 
fresn.  water . If  provides  data  on  the  percent  of  a person’s  height  submerged  versus  their 
net  weight.  ’Net  weight1"  is  expressed  as  a percentage  of  their  dry  weight,  and  if  eauals 
the  buoyancy  the  flotation  would  have  to  provide  for  them. 

To  summarize  fhe  Table: 

a } The  50  percent  net  weight  point  is  about  at  c person's  waist. 

bi  The  25  percent  net  weight  point  is  in  fhe  area  of  rhe  armpits, 

c)  The  variance  of  the  test  values  over  fhe  six  subjects  <vcs  relatively  small, 
end  approximately  67  percent  of  the  fesf  values  were  within  5 percent  of 
rhe  test  means . 
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Figure  7-1.  Proposed  Level  Flotation  Requirement  Curve 


3.0  PERSON'S  ACTIONS/BOAT  FACTIONS  STUDY 


One  c*  *he  mein  considerations  throughout  the  level  flotrSon  oe.e loc^eir  has  seen  ,, J *h 
documenting  the  reiati  -e  merits  of  different  levels  of  level  rlotctior  . The  fcllowina 
preservation  documents  one  attempt  at  establishing  these  relcfi  /e  me'ifs. 

It  wes  reclizea  during  flotction  tests  utilizing  oeoole  tact  tec  nor  ceen  in.ol/ea  in  tiiis  tyoe 
of  test  before,  that  the  action  of  these  peccle  as  the  boat  ♦irst  swamped  /.as  quite  ai*‘erert 
from  people  .vno  were  quite  accustomed  to  performing  flotation  tes's . «Vitn  tn is  in  mNd,  a 
series  of  experiments  was  designee  the'  would  use  ine.<oeriercec  u n'ects . It  /.os  "ooec  fr~- 
aifferences  in  coot  reactions  l^itn  oocts  neving  3t*‘?ere°t  o'o':  .r  cm  cunts!  caused  ov  oersond 
actions  could  oe  cscerrcinea  *rom  --ese  experiments. 


Several  oilof  ^xped men fs  /.ere  oe A or"~  e a „h!.-o 
aid  "of  know  that  the  n oof  /.as  ooinc  ‘o  s.-.amp, 


■utilized  vue’e-:*'  *rqm  7/yfe.  These  sufc*ec*s 
cut  ...erf-  t?l  d ru  Ay  aou!  d be  per*ormina 


another  *csx . In  trese  oilof  tests,  a .Vyle  e~pic/ee  /.os  -sea  to  Instigcte  the  swemping,  wn 
proved  to  ce  o dov,"(o!l  of  tuese  experi  ne-'s . T;’e  .Vyle  sue  'efts  knew  the  .Vyle  swamoioc 
instigator,  ora  as  soon  as  ‘'■e  coat  began  swamping,  ;ioured  out  x'r.at  .-/as  aoina  or  or, a ‘his 
resulted  in  cchors  ‘not  ..oulcl  r0t  ce  ■/  ,resentati  /e  of  what  someone  //oulc1  do  i : he  found 


icn 


himself  in  o swamping  poet. 


, '■'*>  X06  rl  '"'i  *'  r j 

oirecfly  re'c’no 
a local  c o 1 : e oe  . 


”i0"  oro-ro  — os*  : i or  i ‘ i cart  e.en  •'-tugn  -n0st  o'  '-e  signt'ccnce  .-.cs  nor 
•~e  'ela'ive  ne-i-s  o'  ie/ei  ‘lotctioni  /.ere  ‘hose  'hot  used  suc'ec's  ‘rom 
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These  experiments  were  oerformed  as  follow: 


The  subjects  .-.ere  crierea  on  a *as-,  which  they  oelie  .ee  «cs  hie  object  of  ‘ne  experiment . 
fhey  .-.ere  *ola  r-.ev  .vc-uld  be  ta.ien  too  boor  anchored  otfsho:  e /.cere  they  .vo . id  be  looking 
along  the  s->cre  line  ;cr  .isucl  distress  signals. 

They  .-.ere  taken  to  the  crschcrec  boct  end  gi  .en  aa to  sheets  on  //hicn  toe  / /.ere  to  record  'heir 
visual  distress  signal  information.  Once  the  subjects  were  ir>  the  anchored  boct,  the  cirector 
of  the  experiments  actuated  a release  on  the  boat  that  would  ccuse  it  to  begin  to  swamp  within 
approximately  two  minutes  through  a trap  door  located  beneath  one  of  the  bench  seats.  The 
experiment  director  in  'he  boct  men  "aiscocecred"  c round  c ooinr  of  Iona  and  -ne  rest  of  ‘he 
shore  crew  also  aisepoeared.  A safety  boct  was  oresent,  but  the  subjects  did  not  nnow  it  wes 
oert  or  'ne  experiments.  The  cc'icns  of  the  subjects  in  the  boar  cs  it  cegen  'o  s .v c ~ o .-.ere 
recorded  on  mo/ie  film  from  a hidden  ccmerc  . 

F-om  t me  'imi'ed  number  or  experiments  condvc fed,  no  definite  conclusions  to1  oe  ~cue  cs:.h 
me  'wo  ai"erent  ‘io'ofion  'y,oes  tested.  These  tests  did  indiccte  the*  in,  order  *or  rne  scc-ocms 
to  'one  cavcnroge  of  level  'lotction,  they  must  be  educated  in  some  renner  to  do  so. 

Wyle  is  presently  performing  a task  with  the  objective  being  to  fine  out  what  levs'  of 
education  should  accompany  a level  flotation  stendara  in  order  to  fake  ;yM  advantage  of 
the  flotation  oroviced.  The  results  oc  the  previous  mentioned  experiments  v.i  II  be  used 
in  tuis  analysis  as  a control  sample  of  exoeriments. 
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9.0  SELF-BAILING  BOAT  CONSIDERATIONS 


9.1  Discussion  of  the  Problem 

During  Phase  I of  Pie  develocmenf  of  the  level  flotction  standard,  thought  //os  ai  yen  to 
oossible  peculiarities  of  selc-bai!ing  boats.  For  the  puroose  of  this  discussion,  a self-bailing 
boat  is  a boat  which  is  constructed  such  that  the  cockoif  deck  is  above  the  surface  o ‘ ‘he 
'.voter  V.' hen  the  boat  is  loaded  to  its  maximum  weight  capacity  and  the  cockpit  is  I”  free 
communication  v/ith  the  water.  Boafs  of  this  type  generally  have  doub  (0  00'*or,s  ‘■■■’iC'-  cr^ 

‘oam  Ailed,  so  that  even  if  punctured  they  w 1 1 1 not  lose  buoyancy. 

iny  flotation  standard  that  would  be  considered  would  reajlre  support  o;  a .•■via  • *•  ?•  . ac 
less  than  the  maximum  weight  capacity  of  the  boat.  This  is  due  to  ‘he  buovcnc. 
machinery,  gear  and  people  cs  they  are  ful ly  or  pcrticl I y submerged  i r ‘ue  a*®'  ; 

Swamped  boat. 

Due  ‘c  the  nature  oc  the  construction,  these  self— balling  boots  would  -ever  be  sv.-c-ces, 
i.e.,  toil  of  v.  cter , i : sufficient  time  were  al  lowed  for  them  t0  come  to  eaui  llbri  m . T'"erefc  -e, 
‘nese  boats  would  ooss  any  flotation  stcndcrd  which  required  support  of  c welch,  t which  "-as 
less  f*on  ‘he  mcximum  'weight  capacity  of  the  boat. 

Consideration  was  given  to  the  transient  condition  which  may  exist  before  all  wafer  which  *s 
'axen  on  .oocrp  may  drain  out.  This  condition  coulc  come  about  from  taking  a wave  over  ‘he 
cow,  s.ae  or  transom  of  the  boat,  partially  or  completely  filling  the  boat  with  wafer.  In 
t ■' i s condition,  the  added  ’weight  of  all  the  ‘wafer  me/  produce  very  uncesirco’e  reactions 
to  ‘-e  coat . 

Sc  .'era!  ‘ests/experi  meats  were  performed  on  a sample  of  these  self-boiling  boats  to  defer  mire 
ir  indeed  they  would  prove  to  be  extremely  unsefe  in  the  transient  condi ‘ion  of  being  ‘Tiled 
/.it1-  .voter. 
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9.2  Tests/E /o'1'! men  ‘s  Performed 


In  order  to  determine  if  se!f-kci!ina  boats  Dresentcd  ary  oeculiar  nrcblems  v-.hen  Hooded,  a 
s ample  o*  si  < boats  fron  three  manufacturers  was  subjected  to  a set  of  tests/ expert pen's. 

Only  fi  ve  of  these  turned  out  to  be  self-bcilirg  by  the  definition  used  in  Section  9.1. 

Tl'e  tests/experi men ‘s  were  performed  as  follow: 

For  the  first  rhree  boots,  weight  was  added  to  each  boat  until  a lust  :loat  condition  was 
reached.  For  this  test,  test  weight  location  wes  adjusted  so  met  the  ooaf  remained  level  as  it 
■warn. pea  . T ie  transverse  stability  at  ecc-  boar  was  subject!  -ely  c^echea  cr  several  loading 
increment's  cy  pushing  down  on  one  side  cr  the  beat  and  noting  how  'tender"  i r felt.  The 
sec  one  sort  of  the  experiment  per*' armed  on  two  of  the  first  three  oocis  consisted  of  loading 
weight  along  one  siae  of  the  boat  until  it  reoebea  an  cngle  of  coarex ima*e ly  2C°.  The  trars- 
■ erse  stability  of  the  boats  in  this  c onci  ticn  //as  ago  i .n  subjec  ti  ve  I y c -ec  - ec  . 

The  experiments  with  the  other  two  boats  were  slightly  different.  T:*ese  two  boats  cere 
loaded  with  weights  and  allowed  t0  flood  until  the  water  level  was  at  the  *rcns0m  helah* 
isee  Figures  9-1  and  9-2. i.  It  'was  felt  that  measuring  the  total  *"(otation  in  t^ese  boots 
would  nor  contribute  to  their  evaluation.  Figures  9-3  and  9--  show  one  o*  the  beats  in 
‘—e  sice  loca  evaluation.  The  weight  used  was  placed  at  the  extreme  outboard  side  of  fhe 
-oar.  '.Voter  was  then  pumped  into  the  boot  until  it  Howed  out  over  rhe  “-ransom.  The  boat 
recchec  c "eel  cngle  of  aporoxi  rrately  30  with  the  weight  and  water.  As  the  wa‘er  was 
allov.ee  to  drain  out  through  the  self-boilinc  scuppers,  ‘he  heel  angle  was  reduced.  With 
the  boat  at  30  and  full  of  water,  the  "reserve  stability"  was  subjectively  checked. 

9.3  Re$u!‘s  and  Conc'usions 

Tarle  9-1  shows  the  results  of  the  tests/experi ments  performed  on  the  five  self-bcilinc  boats. 
T"e  side  load  '/clue  for  Boc‘  A 34  was  not  determined  because  it  wes  ‘*e!‘  that  it  would  not 
-cv?  added  ta  ‘he  e.aluction. 
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A*  -'~n  be  seen  fr0n 
‘!'cf  rrc-Jrca  \:v  »i 
rc‘*d  as  accr*p*ar:,e. 


I a‘ ' 1 * off  the  boat,  contain 
arcDor-o:/  standard.  In  addition. 


Hototlon  In  on  amount  that  far  exceed: 
,fle  sterility  0F  all  boats  v/as  sufc'ecS /e!y 


L"'  or  ardvsis  of  accident  data  Indicafes  otherwise,  if  is  the 

5<s  I T U M ' • - . >1  VI!  VI  rne  CU  Tftr 

7 ' r°°fj  ^ ^ !;e  5ubj’ec^  * 0 s°®cial  flotation  sfandc-d,  but  should  be  r 

ja."»r  ,.-.j  oroposec  Level  Flotation  Standard. 


ooinian  of  fbe  cuthc'  fhat 


' 0 U * C t r>  rJ 
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TABLE  9 1.  CHARACTERISTICS  OF  SELF-BAILING  BOAT 


10.0  ROUGH  WATER  EVALUATION 


Limited  testing  of  boats  equipped  with  a form  of  level  flotation  was  performed  in  waves  in 
Phase  I development  of  the  level  flotation  standard.  This  testing  involved  several  experiments 
which  subjected  fhe  swamoed  boats  to  the  wakes  of  passing  vessels.  An  additional  test  in 
rough  water  was  performed  by  the  Coast  Guard  R and  D Center,  Groton,  Connecticut.  These 
experiments  utilized  a 16  ft  runabout  equipped  with  50-50  level  flotation.  These  experiments 
were  performed  in  extreme  conditions  of  five  to  six  foot  wcves.  The  boat  did  not  exhibit  any 
peculiar  characteristics  in  these  conditions  and,  in  fact,  it  performed  quite  well. 

During  the  Phase  II  effort,  it  was  felt  that  additional  rough  water  evaluation  should  be  con- 
cocted. These  experiments  were  initially  designed  to  utilize  a range  of  boats  in  a ranae  of 
wave  conditions  (6  in.  to  14  in.  wave  heights). 

The  initicl  experiments  indicated  that  a stability  problem  with  small,  lightweight  boats  existed 
in  wcves  of  approximately  two  feet  height.  Further,  experiments  in  open  water  and  in  a con- 
trol lea  wc/e  environment  cs  discussed  in  this  secti on  enabled  the  problem  to  be  better  defined  . 

10.1  Preliminary  Open-Water  Evaluation 

The  *irst  rough  water  experiments  performed  in  Phcse  !!  development  of  a level  flotarion 
s ten  acre  utilized  two  boats,  a 16  ft  aluminum  runabout  (Figure  10-1)  and  a 14  ft  lightweight 
aluminum  flat  ooftom  boat  (Figure  10-2).  See  Table  10-1  for  the  characteristics  of  these  two 
ooats  1 -1 6 and  1137,  respectively). 

Flotation  in  each  boat  was  cdjusted  so  it  would  provide  50-50  flotation  for  the  passenger  load 
that  was  used  in  the  experiments.  Boat  516  had  a passenger  load  of  700  pounds  and  boat  1187 
had  a passenger  load  of  375  pounds.  The  experiments  were  conducted  on  the  Tennessee  River 
near  Huntsville,  Alabama,  with  wave  heights  estimated  at  14  in.  to  16  in.  The  16  ft  runabout 
felt  quite  stcble  and  was  rated  acceptable.  The  johnboat  on  the  other  hand  felt  extremely 
unstable  and  much  effort  was  required  to  keep  it  upright.  These  experiments  indicated  that 
50-50  flotation  may  not  be  sufficient  i some  cases.  The  flotation  in  boat  1187  was  modified 
so  that  it  gave  75-50  suoport  of  the  passenger  load.  This  modification  was  tested  under 
approximately  the  same  conditions  and  was  found  to  be  more  stcble  than  the  50-50  configuration. 
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'Movie  Him  of  all  of  these  experiments  was  submitted  to  USCG  Headauarters  in  Me/,  1975.' 
The  results  of  these  initial  experiments  led  to  the  decision  to  test  a variety  of  boat/flotation 
combinations  in  a controlled  wave  environment. 

10.2  Wave  Tank  Evaluation 

Coast  Guard  Hecdquarters  leased  the  Navy  Wave  Tank  at  NSRDC  for  two  days  to  be  used  for 
rough  water  evaluation  of  flotation.  Before  the  actucl  testing  was  performed  at  NSRDC, 
additional  open  water  testing  needed  to  be  performed  in  order  to  narrow  the  renge  of  festina 
to  be  performed  at  the  wave  tank. 

10.2.1  Preliminary  Evaluations 

Testing  at  NSRDC  was  limited  due  to  cost  and  time  availability  restraints.  It  was,  therefore, 
important  to  reduce  the  range  of  testing  needed  by  further  experiments  in  open  water.  All 
festina  was  not  performed  in  open  wafer  due  to  the  varying  test  conditions  and  infrequency 
of  rough  weather  at  the  particular  time  of  year  on  the  Tennessee  River  near  Huntsville, 

Alabama . 

Severcl  preliminary  experiments  were  performed.  The  purpose  of  these  experiments  was  *nree- 
tpla.  First,  fa  cetera-, ine  if  round  ooffomed  aocts  exhibited  similcr  stcoilify  characteristics 
for  rne  sa—e  flotation  arrangement  end  seme  general  siz.e  of  boat  cs  flat  aottomed  coats  exnioit. 

Second,  to  establish  an  upper  limit  of  sice  of  boat  that  needed  to  be  tested  at  NSRDC.  The 
earlier  *e$fs  with  the  16  ft  runabout  indicates  that  50-50  flotation  was  sufficient  for  if.  This 
meant  that  there  was  some  point  at  which  50-50  flotation  became  satisfactory.  There  were 
several  experiments  designed  to  determine  this  point. 

The  third  objective  of  ‘hese  preliminary  experiments  was  to  try  ‘o  establish  a "continuous 
measure  " of  the  stabi  li  ty  of  swamped  boats  in  rough  v.ater.  This  "continuous  measure"  was 
develooed  along  the  same  procedure  as  the  side  load  test  -or  the  static  stability  determination 
of  flooded  boats. 
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10.2.1.1  Preliminary  Exoeri  mer.ts  — The  first  of  these  preliminary  experi  meets  used  ‘■free 
round/V-fco ttomed  aluminum  boats.  Figures  10-3,  10-4,  end  10-5  are  photos  or  these  boc*s 
numbered  225,  120,  and  1202,  respectively,  and  their  choracteristi  cs  are  shown  in  Table  1 0 — 1 
For  the  purpose  these  experiments,  these  boats  were  equipped  with  50-50  level  dotation 
for  oersons  capacities  of  4CC  lbs,  6C0  lbs,  and  300  lbs  for  boats  225,  1202  and  120C,  respec- 
tively. These  boats  -were  subjectively  evaluated  on  the  Tennessee  River  in  waves  uo  to 
8 in  . high  . 


The  next  series  o’*  experiments  utilized  two  boats.  Figures  IQ-6  and  1 0—7  are  photos  of 
boats  52-'.  and  244,  respectively.  Characteristics  of  these  boats  are  shown  in  Table  10-1. 
Boat  524  was  set  uo  with  50-50  flotation  for  a persons  copcclty  of  450  oounds.  Boat  244, 
which  was  a 15  ft  flar  bottomed  aluminum  boat,  was  used  cs  if  it  were  c bass  boat.  This 
experiment  was  designed  to  determine  if  the  limiting  parameters  for  50-50  flotation  being 
acceptable  'was  boat/machinery  weight  or  oersons  capacity. 

This  :'nt  bottomed  toot  ned  weiaht  coded  to  approximate  the  weight  of  a similar  size  bass 
boat  and  the  "maximum  horsepower  *or  it  was  calculated  assuming  it  hed  a 21  in.  high  transom 
instead  of  lain,  as  i t actually  had.  These  two  coats  'were  subjectively  evaluated  on  the 
Tennessee  River  in  w eves  oc  12  fo  i-‘  in.  height. 


”he  set  o’  -*xpe rimenrs  attempted  to  establish  c continuous  measure1  of  the  stability  of 

s.varpe  coats  ’r  mucr  a ter . T-’is  continuous  measure  was  cn  attempt  at  putting  a "umber 
on  a g!  , o-  - oot  •':o' a‘:  • o"  aid  on  ‘••"at  could  le  compered  to  the  subjective  rating  of  that 

coaf.  T'-ese  ‘ s’:  d'l-  ••  o~r  1 1 57  Ficure  10-2,  Table  1C-11. 


T'.'P  o;  "•  asur-  e ■ owi  —ents  utilized  a sliding  steel  weight  wit'-  a coun’er 

;,oa*!r'a  foa~  du  — — . f: cure  ?2-r  . The  reasoning  behind  this  arrangement  wes  os  ‘oMows. 

The  -.eight  soul  d be  "o<e-;  of;  centerline  in  increments  producing  a heeling  mome"t. 

The  ‘ocm  dummy  was  d*'slanod  ‘o  have  t''"e  seme  pounds  oer  inch  immersion  cs  a person,  based 
on  t’^e  swamped  people  experiments  in  Section  7.0.  This  was  an  attempt  to  approximate  the 
chance  in  heelina  moment  the  boat  would  experience  due  to  the  heelina  and  .-.eve  ejects 
or  a real  person  in  a boar.  This  configuratior  was  tested  on  the  Tennessee  River  and  movie 
film  is  available  or  request. 
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The  next  hvo  attempts  at  establishing  a continuous  measure  involved  adding  a heeling  moment 
to  ♦he  boar  with  no  compensation  from  a floating  dummy.  T’'e  fi rst  involved  fastening  ♦wo 
baskets  to  fhe  gunwale  of  the  boat,  one  forward  and  one  aft.  7/eight  was  then  dropDed  info 
the  basnets  in  increments  until  a ccpsize  condition  was  reached. 

The  second  experiment  involved  placing  weight  in  increments  in  the  boot  on  the  bottom  along 
one  side,  again  adding  weight  until  a capsize  condition  was  reached. 

10.2. 1 .2  Preliminary  Results  — The  results  of  the  experiments  using  the  three  round  bottomed 
boats  with  persons  capacities  of  400  lbs,  600  lbs  and  800  lbs  will  be  discussed  first.  The  boat 
that  was  set  up  for  the  400  lb  persons  capacity  reacted  very  similcr  to  the  flat  bottomed  boat 
of  400  lb  persons  capacity;  i.e.,  fairly  unstable.  The  boat  that  was  set  up  for  600  lb  persons 
capacity  felt  fairly  stable,  but  not  as  stable  as  the  boat  set  up  cor  800  lb  persons  capacity 
which  felt  very  stable.  All  boats  were  evaluated  with  a full  load  of  people  on  board. 

The  experiments  using  boats  524  and  244  indicated  that  the  persons  capacity  wcs  the  limiting 
factor  for  size  of  boat.  It  must  be  remembered  that  there  is  a direct  relationship  between  size 
of  boot  and  persons  capacity.  Both  of  these  boats  were  set  ud  for  a 450  lb  persons  cacacitv. 
Even  though  they  were  both  heavy  boots  with  relatively  heavy  machinery,  with  flotation  to 
compensate,  rhey  still  felt  somewhat  unstcble  in  the  12  in,  to  14  in.  waves  in  which  they 
■were  evalucted. 

Durina  the  continuous  measure  tests,  it  was  found  that  the  foam  dummy  used  ‘■or  the  f’r$t  se1, 
of  experiments  orovided  too  much  counter  flotation  to  the  heeling  weights.  The  boat  die  not 
capsize  even  when  all  of  the  weights  -were  moved  as  far  outboard  as  they  could  be  moved. 

The  baskets,  to  which  weight  was  codec,  that  were  fastened  to  the  gunwales  of  the  boaf 
appeared  to  be  sensitive  to  a difference  of  five  pounds  in  the  baskets  that  resulted  In  the 
boat  going  from  a fairly  stcble  atti facie  to  o capsize  condition. 

The  rest  whicn  seemed  most  promising  was  the  one  that  involved  placing  weights  inside  the 
boot  on  the  bottom  along  one  sicle.  Drawbacks  to  this  method  induced  maintaining  acc~rcc> 
in  olccioa  the  tests  weights  while  in  c wove  environment.  The  other  major  drcwbcc'.  was 
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eio'its  it  the  ooct  cccsized  . To  is  /.as  remedied  oy  oiacing  a ooara  to  cc^co  toe 
'G  t-'e  ‘30  or  fne  Tjnv,ale. 

To  summarize  the  preli mincry  evaluation  results: 

• Six  hundred  pounds  persons  ccpccity  should  be  the  uooer  limit  for  the  size 
of  the  boats  to  be  tested  in  the  wave  tank  at  NiSRDC. 

• Placing  weights  inside  the  Loat  should  be  used  as  t^e  continuous  measure  ‘est. 

1C. 2. 2 Wave  Tank  Test  Boats 

There  were  four  bcsic  hulls  that  were  used  for  the  evaluation  in  the  wave  tank  at  NSRDC, 

In  all  there  //ere  18  configurations  evalucted. 

Figures  10-9,  10-10,  10-11  and  10- 12  are  photos  of  the  four  hul I tyoes  that  were  used . 

Tac  ie  1C -2  shows  the  characteristics  of  the  18  boots  evaluated  v/ith  boots  ‘hat  were  variations 
oc  the  same  huff  being  designated  with  the  same  cl  css  number.  This  sample  is  be)  ievea  fc  ce 
reoresen ‘a‘i ve  of  smell  boats  with  persons  capacities  of  600  lbs  and  less.  Class  5 is  rLe  same 
as  C'ass  3 with  30  lbs  of  weight  added  to  simulcte  a heavier  boat.  The  flotation  conditions 
used  :overed  a range  of  totcl  dotation  amount  and  stability  charac  teri  sti  cs . 

10.2.3  Wave  Tank  Test  Plan 

Oriainal  plans  -were  for  ‘our  di fferent  types  of  evaluctiors/experi merits.  The  ‘3  rst  o‘  these 
/,  ere  "ease  o;  attitude  mcirtenance''  tests  v/hich  utilized  experienced  ‘esr  subjects.  For  ‘hese 
tests,  each  boat  /.as  to  be  loaded  with  the  persons  ccpacity  for  which  if  v/as  set  up.  It 
would  ‘he r be  evaluated  by  the  occupants  in  two  wave  conditions. 

The  second  test  which  was  die  continuous  measure  test  was  to  be  conducted  in  the  same  wave 
conditions.  The  third  set  of  ‘ests  egain  utilized  the  expe-ienced  test  subjccs  in  evaluating 
re-'ightinc  and  re-boarding  rhe  swamped  boafs. 
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T!'e  lest  set  of  exonriments  were  originclly  planned  as  allots  ror  the  persons  action  tests 
discussed  in  Section  3.0  of  this  report.  Due  to  scheduling  of  the  v.-ave  tank,  the  persons 
action  test;  discussed  in  Section  3.0  were  completed  before  these  tests.  Plans  we  re  to 
continue  with  these  tests  to  get  added  data  on  ease  of  attitude  maintenance  from  inexoeri  encea 
test  sub  iects . 

Tables  10-3  and  10-4  show  two  tentative  schedules  that  were  develooed.  As  discussed  in  ‘he 
next  section,  only  two  types  of  tests  were  conducted,  the  "ecse  of  attitude  maintenance" 
tests  with  the  experienced  test  subjects  end  the  tests  using  the  inexperienced  test  subjects. 

10.2.4  Wave  Tank  Experiments 


The  main  reason  for  performing  only  the  "ease  of  attitude  maintenance"  tests  and  the  inex- 
perienced oeople  tests  'was  the  lack  of  time  caused  by  several  malfunctions  of  the  wave  makers. 
The  rirst  continuous  measure  tests  indicated  that  the  test  was  very  time  consuming  and  shewea 
li  ttle  oromise  of  good  resul  ts . It  was,  therefore  , deci  dec  that  i o ‘he  i nte-es1  or”  octei-i  "a  J'e 
most  userul  data,  those  tests  would  not  be  further  attempted. 


The  "ease  o;  attitude  maintenance1'  tests  were  oenormed  as  follows: 

T"e  boat  being  evaluated  was  loaded  with  the  persons  capacity  cor  wnieh  it  '/.as  set  uo. 
peop'e  evaluating  these  boats  hoc  experience  in  working  in  swamced  coats,  T'-e  coat  ... 
oeoc-e  / as  ‘bn  ubi-.cted  ‘o  a wave  environment.  The  occupants  ard  an  on-s^ore  ocse 
rate/-  ‘Pf,  coat  from  1 to  5 according  ‘o  the  rating  scale  shown  in  Table  1C-0.  Data  was 
rec  ci  ,e-’.  an  ?>.g  •'  5rm  jna./n  in  Figure  1C- 13.  Two  wave  ^eignts  were  ^sed  ter  ecc1  beer 


c*Ot-  ion  .a  rfi''  m. 


a:  p ; r , jj.,  i pp  c ed  oecpb'  *ests  involved  olacing  people  ■ Lio  ned  not  oreviouslv  pcr‘:  ci  cafea 
in  an/  f-/tat’on  work  in  a coc'  and  allowng  wafer  ‘O  flood  ‘■nrough  a trap  door  in  the  cc“cm' 
...Pile  sub’e-ring  ►he  boat  to  a wave  c-a  .ironn-ent.  All  sub  loots  .-.ere  inter.inv.ee  as  soon  as 
the  test  / s a .-er . 

EV-  ,-wn  120u  •*  'oils  of  ,-ideo  ‘-.on  ana  -ippro*imote!  * C *'  rt  of  ‘olor  movie  file'  .-.a 
oc  a!  of  ‘/-its  onrj  :s  avail. 'I  !■•  uocn  request. 
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10.2.5  Wave  Tank  Result's 


The  inexperienced  people  tests  added  to  the  data  of  Section  8.0  of  this  report.  This  date  will 
be  used  as  part  of  an  ongoing  task  to  determine  the  level  of  education  needed  to  accompany 
the  level  flotation  standard  in  order  to  take  full  advantage  of  the  flotation.  All  of  these 
results  will  be  incorporated  into  the  final  report  of  that  task. 

Table  10-6  shows  the  results  of  the  ease  of  attitude  maintenance  tests.  The  boat  number 
fe.g.,  2 32  1-50/50)  is  interpreted  as  follows: 

Tne  first  three  digits  (232)  is  the  hull  number  used  for  inventory  purposes  only.  The  next 
digit  (1)  is  the  class  of  boat  as  specified  in  Table  10-2.  The  next  four  digits  (50/50)  inaiccte 
r’ne  flotation  arrangement  of  the  boct.  The  first  number  before  the  slosh  {/)  indicates  the  total 
flotation  present  as  a percent  of  the  persons  capacity,  and  the  number  efter  the  slash  indicates 
the  weight  that  can  be  suoported  at  the  side  -without  the  boat  losing  stability  expressed  as  a 
percent  of  the  total  amount  of  flotation  present. 

The  average  rating  for  each  wave  height  is  the  average  token  from  the  occupants  and  the 
observe' s'  ratings  curing  the  tests. 

Fi cures  10-1-1  and  1 C—  1 5 ere  graphs  of  the  data  in  fable  10-6.  These  are  plots  oc  ratings 
with  resoect  to  persons  ccpaci  ty  for  different  flotation  amounts,  From  these  graphs,  it 
apoears  that  more  data  poi  ■ ■ ts  are  needed  before  one  can  justify  fitting  cny  curves  through  the 
ooints.  It  'was  for  this  reason,  that  it  was  decided  to  continue  the  rough  water  evaluations, 
iime  scheduling  of  the  wave  tank  at  NSRDC  made  it  difficult  to  return  there,  so  on  open 
water  site  was  chosen  for  the  additional  evaluations. 

1C.  3 Coen  Water  Evaluations 

,;?r.  *•*-  r-t  -was  chosen  for  the  open  water  evaluations  was  a seaway  off  the  west  coast  of 
. . • Ft.  Myers  Beach.  This  site  was  chosen  for  two  reasons.  First,  the  condition? 

• ••■••••  - a"  / r -ist  ‘here  were  what  was  needed  for  the  testina.  T'-e  wind  would  blow  aently 


in  fhe  morning  increasing  throughout'  the  day.  This  wind  produced  low  waves  early  in  the  day 
with  the  waves  gradually  building  throughout  the  day.  The  second  reason  for  choosing  this 
site  was  the  availability  of  shore  and  support  facilities  provided  by  a concerned  member  of 
fhe  boating  industry. 

Several  additional  tests  were  performed  on  fhe  Tennessee  River  after  returning  to  Huntsville, 
Alabama.  This  was  to  fake  advantage  of  an  unexpected  windy  day  and  to  gather  more  dcta. 
Since  these  tests  were  basically  the  same  as  those  performed  at  Ft.  Myers  Beach,  they  will 
be  incorporated  in  this  section  as  if  they  had  been  conducted  there. 

10.3.1  Open  Wafer  Test  Boats 

The  boats  used  were  basically  the  same  as  those  used  in  fhe  wave  tank  evaluations.  Cerfcin 
boats  were  selected  for  use  based  on  fhe  data  that  was  still  needed.  Table  10-7  is  a list  of 
fhe  boats  used  for  the  open  wafer  evaluations. 

10.3.2  Open  Wafer  Experiments 

The  open  wafer  experiments  were  conducted  in  a sir,  ilar  manner  to  those  conducted  in  Hie 
wave  tank  at  NSRDC.  Each  boat  was  loaded  with  fhe  persons  capacity  for  fhe  flotation 
condition  for  which  if  was  set  up  and  then  evaluated  in  a wave  environment.  In  addition 
to  "ease  of  attitude  maintenance"  or  stability  as  if  will  be  called  throughout  the  rest  of  this 
discussion,  each  boat/flotafion  combination  was  rated  in  two  other  areas.  These  t wo  arecs 
were  re-righting  and  re-boarding. 

The  method  of  rating  used  at  these  tests  was  somewhat  different  than  the  method  used  for  the 
wave  tank  tests  at  NSRDC.  For  these  tests,  a boat  that  was  considered  acceptable  was 
chosen  and  its  rafirgs  were  defined.  This  boat  was  then  used  as  a reference  boat  and  the 

I 

other  boats  were  compared  to  If.  This  was  boat  4-40/50  and  its  ratings  were  defined  as 
5-4-4  cor  stability,  re-righting  and  re-boarding.  Figure  10-16  shows  fypi  ccl  open  water 
evaluations. 

! 
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10.3.3  Open  Water  Result's 


Tables  10-8  and  10-9  show  the  results  of  the  open  water  evaluations.  The  stability  rcting  is 
plotted  as  c function  of  persons  ccpacify  for  the  various  dotation  conditions  in  Figure  10-17 
and  10-18.  These  values  will  be  combined  with  the  results  of  the  wave  tank  tests  from 
Section  10.2.5  and  will  be  discussed  is  Section  10.4. 

10.4  Rough  Water  Results 

Before  the  results  from  the  wave  tank  tests  and  the  Ft.  Myers  tests  can  be  combined,  a 
correction  for  the  different  rating  used  must  be  made.  Only  the  high  wove  condition  results 
will  be  combined.  The  evaluation  at  the  wave  tank  rated  boat  4-40/50  ar  3.75.  The  rating 
for  boat  4-40/50  was  defined  as  five  for  the  Ft.  Mvers  evaluation.  To  correct  the  values 
obtained  at  the  Ft.  Myers  tests  to  the  same  scale  as  those  performed  at  the  wave  tank,  1.25 
must  be  subtracted  from  all  the  Ft.  Myers  values.  Doing  this,  results  in  the  values  shown  in 
Table  10-10.  Combining  these  with  values  from  Table  10-6  and  plotting,  we  get  Figure  10-19. 
Taking  the  values  from  Tables  10-10  end  10-6  and  using  linear  regression  with  a least  means 
squared  fit  to  generate  a straight  line  for  three  of  the  flotation  conditions,  results  in  the  graph 
shown  in  Figure  -0-20. 

Assuming  that  a rating  of  four  is  the  minimum  acceptable  rating  (this  is  a valid  assumption  cased 
on  subjective  evaluations),  then  boats  with  50-50  flotation  and  a persons  capacity  less  than 
500  lbs  would  not  be  acceptable  in  rough  water.  This  graph  indicates  that  the  minimum  amount 
of  flotation  that  would  be  acceptable  in  rough  water  for  boats  with  a persons  capacity  of 
500  lbs  or  less  would  be  62-50  flotation. 

Before  requiring  coats  of  this  size  to  have  62-50  flotation,  a study  of  increased  effectiveness 
tekinq  into  account  the  number  of  accidents  in  rough  water  should  be  made. 


76 


80 


T — 


CARDEROCK  FLOTATION  TESTS 
EXPERIENCED  SUBJECT  TESTS 

DATE 
TEST  NO.  _ 

TIME  WAVE  HEIGHT  BOAT  NO. 


TEST  NO . _ 

TIME  WAVE  HEIGHT  BOAT  NO. 


7 6 C 2 5 9 9 


Persons  Capacity  (lbs) 
Figure  10-17.  Open  Water  Data,  Low  Wave  Hei 


ty  (lbs) 


TABLE  10-2.  WAVE  TANK  TEST  BOAT  DESCRIPTION 


Boat 

No. 

Flotation 

Condition 

Persons 

Capacity 

Motor 

Weight 

Battery 

Weight 

Class 

232 

50/50 

250 

30 

-» 

1 

233 

62.5/50 

250 

30 

- 

1 

237 

75/50 

250 

30 

- 

1 

238 

50/50 

450 

75 

12 

2 

239 

62.5/50 

450 

75 

12 

2 

240 

50/70 

450 

75 

12 

2 

241 

75/33 

450 

75 

12 

2 

242 

75/50 

450 

75 

12 

2 

247 

50/50 

360 

75 

12 

3 

248 

50/65 

360 

75 

12 

3 

249 

62.5/40 

360 

75 

12 

3 

250 

62.5/60 

360 

75 

12 

3 

251 

75/50 

360 

75 

12 

3 

252 

75/33 

360 

75 

12 

3 

253 

50/50 

450 

75 

12 

5 

244 

40/50 

600 

115 

27.5 

4 

245 

50/50 

600 

115 

27.5 

4 

246 

60,  50 

600 

115 

27.5 

4 

Class  Description 

1 length  - 10',  Max.  Beam  - 45.75" 

2 Length  - 12',  Max.  Beam  - 55.625" 

3 Length  - 1 4* , Max  . Beam  - 45.625" 

4 Length  - 15',  Max.  Beam  - 58.0" 

5 Same  hull  as  Class  3 with  X lb  lead  added 
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TABLE  10-3.  WAVE  TANK  TEST  SCHEDULE 
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TABLE  10-3.  WAVE  TANK  TEST  SCHEDULE  (concluded) 


Continuous  Meosure  Tests 


TABLE  10-4.  WAVE  TANK  ALTERNATE  TEST  SCHEDULE 


75/50  EP  2 McBride  19  4 60  50  EP  2 SHenfeldr 

Hick  OX 

Underwood 


TABLE  10-4.  WAVE  TANK  ALTERNATE  TEST  SCHEDULE  (continued) 


75/50  EP  3 Steinfeldt  41  3 62  40  EP  3 Hicto* 

Me  Bride  Seek 


TABLE  10-5.  RATING  SCALE  DESCRIPTION 


Explanation 


Boat  capsizes  no  matter  what  occupants  do  to 
attempt  to  prevent  It. 

Boat  can  be  maintained  upright  with  constant 
effort  on  part  of  occupants. 

Boat  requires  movement  at  frequent  intervals 
to  maintain  upright  condition. 

Boat  requires  infrequent  movement  to  maintain 
upright  condition. 

Boat  can  be  maintained  upright  as  long  as 
personnel  remain  on  centerline. 


TABLE  10-6.  SUMMARY  OF  WAVE  TANK  TESTS 


Boat  Description 

Average  Rating 

Low  Wave  Height 

High  Wave  Height 

232  1-50/50 

2.5 

2.25 

233  1-62/50 

4.5 

4 

237  1-75/50 

4.5 

4.5 

238  2-50/50 

4 

3.8 

239  2-62/50 

4.2 

3.7 

240  2-50/70 

5 

4.75 

241  2-75/33 

3.7 

3.3 

242  2-75/50 

4 

4 

247  3-50/50 

3 

3 

248  3-50/65 

4.7 

4.3 

249  3-62/40 

2.3 

2.3 

250  3-62/60 

4 

3.3 

251  3-75/50 

5 

5 

252  3-75/33 

4 

4 

253  5-50/50 

4 

3 

244  4-40/50 

2.75 

3.75 

245  4-50/50 

3.25 

3.25 

246  4-60/50 

5 

4.9 

105 


TABLE  10-7.  OPEN  WATER  TEST  BOAT  DESCRIPTION 


Boat 

No. 

F lofaf  ion 
Condition 

Persons 

Capacity 

A/otor 

//eight 

Battery 

Weight 

Class 

232 

50/50 

250 

30 

- 

1 

233 

62.5/50 

250 

30 

1 

237 

75/50 

250 

30 

- 

1 

238 

50/50 

450 

75 

12 

2 

239 

62.5/50 

450 

75 

12 

2 

242 

75/50 

450 

75 

12 

2 

247 

50/50 

360 

75 

12 

3 

248 

53/70 

360 

75 

12 

3 

249 

62.5/50 

360 

75 

12 

3 

250 

50/65 

360 

75 

12 

3 

251 

75/50 

360 

75 

12 

3 

252 

75/33 

360 

75 

12 

3 

244 

40  50 

600 

115 

27.5 

i 

4 

245 

50/50 

600 

1 15 

27.5 

4 

246 

60/50 

600 

115 

27.5 

4 

Class  Description 
Length  - 10',  A/ax . Beam  - 45.75" 
Length  - 12',  A/ax.  Beam  - 55.625" 
Length  - 1 4' , A/ax.  3eam  - 45.625" 
Length  - 15/  A/ax.  Becrn  - 5S.0" 
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TABLE  10-9.  OPEN  WATER  RESULTS,  HIGH  WAVE  HEIGHT 


Average  Rating 

Boat  Description 

Stability 

Rerighting 

Reboarding 

1-75-50 

6 

5.5 

5.5 

1-62-50 

5.33 

4.5 

5.33 

1 -50-50 

3.37 

4.25 

3.5 

2-75-50 

6.5 

2 

6 

2-62-50 

7 

3.87 

7 

2-50-50 

7 

4 

7 

3-75-50 

7 

3.75 

5.5 

3-62-50 

6 

4.5 

5.5 

3-50-50 

4.25 

4.5 

3.6 

4-60-50 

5 

4 

4 

4-50-50 

6 

3.5 

6 

4-40-50 

5 

4 

4 

3-50-65 

5 

5 

5 

3-53-70 

6 

5 

6 

3-75-33 

5 

3 

i 

2 

1 

TABLE  10-10.  OPEN  WATER  CORRECTED  DATA,  HIGH  WAVE  HEIGHT 


11.0  RECOMMENDATIONS 


Recommendations  made  in  this  report  are  based  on  work  discussed  in  this  report  and  References 
1 and  2 . 

1 . Swamped  Machinery  Weight 

The  dc‘a  from  this  study  and  the  study  performed  by  the  Cocst  Guard  R & D Cenrer 
and  additional  information  that  might  be  obtained  (such  as  the  weight  of  other  manu- 
facturer's engines)  can  be  used  to  update  the  swamped  machinery  table  for  flotation 
requirements . 

2.  SK  Boat  Demonstration 

This  type  of  boat  is  presently  being  considered  as  an  exemption  from  the  level 
flotation  standard.  If  thought  is  given  to  not  exempting  it,  the  work  performed  in 
this  study  can  be  used  as  a baseline  from  which  to  perform  additional  studies  if  thev 
are  felt  to  be  necessary. 

3.  Foam  Absorption  Considerations 

It  is  economically  infeasible  to  eliminate  all  entrapped  air  from  open  cell  ban  used 
in  many  of  today's  boats  during  a compliance  test.  Based  on  the  findings  of  this 
study  and  engineering  judgment,  if  appears  that  if  a boat  is  left  submerged  for 
approximately  16  hrs  before  being  flotation  tested,  the  remaining  buoyancy  a. : 1 1 
be  a good  indication  of  the  useful  flotation  provided  by  the  boat. 

4.  Longitudinal  Trim  Requirements 

The  maximum  submergence  of  one  end  of  the  boat  in  the  full  load  and  no  Dcssenger 
load  test  condition  should  be  between  6 and  12  inches.  For  compliance  test  purposes, 
the  test  weight  placement  should  be  restricted  to  an  orea  that  is  approximately  20ec 
of  the  pcssenger  area  length  about  the  midlength  of  the  passenger  area. 

5.  Transverse  Stability  Considerations 

Location  of  test  weights  should  be  restricted  as  follows: 

VCG  - Four  inches  above  cockpit  sole. 

TCG  - Four  inches  inboard  of  outer  extremity  at  the  location  of  test 

weights. 
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LCG 


- Approximately  35 % of  passenger  length  about  midlength  of 
passenger  area. 

Weight 

Distribution  - At  least  30%  of  length  of  passenger  area. 

6.  Person  Action/Boat  Reaction  Study 

This  data  ccn  be  used  as  part  of  the  study  to  determine  the  level  of  ecucction  needed 
to  accompany  the  level  flotation  standard. 

7.  Self-Bailing  Boat  Considerations 

Testing  has  indicated  that  no  special  problems  exist  with  these  boats.  They  should 
comply  with  the  level  flotation  standard  unless  a study  of  accident  data  Indicates 
otherwi  se . 

8 . Rough  Water  Evaluations 

These  evaluations  indicate  that  a boat  with  a persons  capacity  of  500  lbs  or  less 
should  have  62-50  flotation  for  adequate  stability  in  rough  water.  A study  to 
determine  the  added  safety  afforded  by  this,  based  on  the  number  of  swampings  in 
rough  water  with  this  size  boat,  should  be  conducted  before  requiring  boats  of 
this  size  to  have  that  amount  of  flotation. 
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Figure  A-IO.  35  HP  Chiysler  Submerged  To  Mounting  Bracket 
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APPENDIX  B 


PHOTOGRAPHS  OF  BOATS  WITH  HALF  PASSENGER  LOAD 
FOR  LONGITUDINAL  DISTRIBUTION  ANALYSIS  (SECTION  5.0) 


B-l 


mdm*  


B-5 


B-?R 


